*Helicobacter pylori* is a Gram-negative, urease-positive and microaerophilic bacteria which colonizes the gastric mucosa of 50% of the world\'s population.\[[@ref1]\] The rate of *H. pylori* infection in developing countries such as Iran is up to 80-90%.\[[@ref2][@ref3]\] Infection with *H. pylori* is considered a major cause of chronic gastritis and peptic ulcer disease.\[[@ref1]\] Resistance to clarithromycin among *H. pylori* isolates is accepted as a main explanation of treatment failure.\[[@ref4][@ref5]\] Although there have been supportive reports regarding the importance of effective therapeutic regimens against *H. pylori*, other data have shown that current guidelines are not optimized enough.\[[@ref5][@ref6]\] Emergence of drug resistance to *H. pylori* isolates reduces the eradication rate of treatment.\[[@ref7][@ref8]\] Amoxicillin, metronidazole, clarithromycin and tetracycline are the most recommended antibiotics used in *H. pylori* eradication regimens. Clarithromycin resistance in *H. pylori* is associated with treatment failure, although geographical variations were observed.\[[@ref5][@ref6][@ref9]\] Eradication of *H. pylori* is recommended for the treatment of disorders including MALT lymphoma, gastric ulcer, gastritis, duodenal ulcer and gastric cancer.\[[@ref4][@ref6]\] The prevalence of *H. pylori* resistant to clarithromycin is strongly dependent on the location of the study.\[[@ref10][@ref11]\] The prevalence of A2143G and A2144G in clinical *H. pylori* isolates has not been investigated in Iran and other Mid-Eastern countries. To date, no published data is available which investigates the frequency of point mutations attributed with clarithromycin resistance in Iran. The current study was undertaken to 1) determine the prevalence of clarithromycin-resistant strains isolated from dyspeptic patients in northern Iran, 2) assess the relationship between clinical outcomes of infection and point mutations.

MATERIALS AND METHODS {#sec1-1}
=====================

Patients and *H. pylori* strains {#sec2-1}
--------------------------------

Clinical isolates of *H. pylori* were taken from 147 consecutive patients with digestive disorders and were investigated for the presence of point mutations in the 23s rRNA gene. Our sample collection began in December 2008, and lasted till November 2010 in Tooba Medical Center, Sari, Iran. With upper gastroscopy, three antral biopsies were taken, the first section for rapid urea test (RUT), second for pathology and the third section was used for bacterial culture in a microbiologic laboratory. All participants signed the informed consent forms and our study was approved by the ethical committee of Tarbiat Modares University, Tehran, Iran. Our exclusion criteria were: treatment with omeperazole and H~2~-blocker for at least three months prior to endoscopy, gastrointestinal surgery, history of allergic reaction, and consumption of anti-*H. pylori* antibiotics during the last four months. The severity of gastroduodenal diseases was diagnosed by pathology and endoscopic findings.

Susceptibility tests {#sec2-2}
--------------------

For bacterial culture, antral biopsies were ground softly and then 100 *μ*l of homogenate was spread on Colombia agar (Merck, Germany) plates. Culture medium consisted of Columbia agar (Merck, Germany), supplemented with 10% FBS (Fetal Bovian Serum) (Gibco, USA), 7% defibrinated sheep blood (Jihad Daneshgahi, Iran) and selectab disks (MAST, UK).\[[@ref5]\] Plates were incubated at 37°C, 8% CO~2~ and 90% humidity conditions.\[[@ref5]\] All plates were checked after five days while *H. pylori* identity was confirmed by biochemical tests such as oxidase, catalase, urease and Gram staining.\[[@ref5]\] The antimicrobial susceptibility tests in this examination were agar dilution, in accordance with CLSI guidelines.\[[@ref12]\] Plates were incubated for four days, and the Minimum inhibitory concentration (MIC) was recorded as the lowest concentration of the antibiotic inhibiting visible growth. The resistance breakpoints for clarithromycin were ≥1 mg/L, although other breakpoints are reported.\[[@ref5]\] Chromosomal DNA was extracted from a single colony *H. pylori*.\[[@ref5]\]

DNA Extraction {#sec2-3}
--------------

Genomic content of bacteria was extracted from a fresh culture using the QIAamp DNA mini kit (Qiagen GmbH, Hilden, Germany), according to manufacturer\'s instructions. Thereafter, we stored DNA at -20°C for further analysis.

Determination of point mutations in 23s rRNA {#sec2-4}
--------------------------------------------

We confirmed our *H. pylori* identity with PCR assay for *glmM* gene amplification.\[[@ref13]\] Presence of point mutations (A2143G and A2144G) in 23s rRNA were analyzed by PCR-RFLP method as described before.\[[@ref14]--[@ref16]\] In this study, following 23s rRNA gene amplification,\[[@ref14]\] we performed RFLP for detection of 23s rRNA mutations in the amplified sequences.\[[@ref14]--[@ref17]\] In brief, we used the *Bpi*I enzyme (Fermantas, Germany) and *BsaI* (New England Biolabs, USA) to detect the A2143G and A2144G mutations, respectively. Finally, the products were visualized under UV-illuminator after electrophoresis with 2% agarose gel stained with ethidium bromide.

Analysis {#sec2-5}
--------

Statistical analysis was performed using SPSS software (15.0) (SPSS, Inc., Chicago, Ill). Chi-square and Fisher\'s exact tests were applied to our analysis. A *P* value less than 0.05 was considered as statistically significant.

RESULTS {#sec1-2}
=======

Of 147 consecutive patients (with both RUT and culture being positive) in this study, 53 were diagnosed with gastritis, 50 with duodenal ulcer, 30 with gastric ulcer and 14 with gastric cancer. Sixty-eight out of 147 patients were males (46.2%); age range (21-72) with mean age 34.5 years. Our findings showed that 32 patients (21.7%) were harboring a single colony of resistant *H. pylori* strains to clarithromycin \[[Table 1](#T1){ref-type="table"}\]. The frequency of clarithromycin resistance was similar between gastric ulcer (7/30, 23.3%), gastric cancer (3/14, 21.4%), duodenal ulcer (11/50, 22%) and gastritis patients (11/53, 20.7%). We found no significant association between presence of resistant strains and clinical outcomes of infection (*P*\>0.05). In our examinations, we did not detect any point mutation in the 23s rRNA in all the clarithromycin-susceptible *H. pylori* strains. In total, 31 of 147 strains were harboring the mutations in 23s rRNA gene and just one of them was in the wild-type. The predominant mutations among the 32 *H. pylori* clarithromycin-resistant strains were at A2143G in 30 cases (93.7%) and A2144G in one case (3.1%). However, no dual point mutations were observed in the same *H. pylori* isolate. In other words, among all the resistant isolates, only one point mutation was detected, either A2143G or A2144G. No associations were observed between items like age, gender and dyspeptic disorders and resistance status of *H. pylori* isolates (*P*\>0.05). According to the agar dilution method in this study, a total of 32 strains were resistant, while in the RFLP-PCR assay, we detected 31 of them as resistant strains. A significant correlation was observed between the two mentioned methods (*P*=0.002).

###### 

Distribution of 147 consecutive patients infected with *H. pylori* based on age and resistant strains
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DISCUSSION {#sec1-3}
==========

It has been stated that, if properly followed, efficient therapeutic practice can result in acceptable eradication rate of *H. pylori* infection in the mucosal surface of the gastric epithelium.\[[@ref5][@ref6]\]

Clarithromycin is the most important antibiotic included in the standard triple therapies for *H. pylori* eradication established worldwide.\[[@ref6]\] Primary clarithromycin resistance in *H. pylori* is a considerable cause of treatment failure in all eradication therapies, while its prevalence varies geographically, from Western to Eastern countries.\[[@ref2][@ref6][@ref10]\] Determination of the exact prevalence of clarithromycin-resistant *H. pylori* in each area in patients with gastroduodenal disorders can elucidate the efficacy of this critical antibiotic. Since clarithromycin shows strong antibacterial effects against *H. pylori* infection, it can be considered as a key antibiotic in the treatment of this gastric pathogen. Remarkably, the global resistance rate of clarithromycin is increasing; a fact which clarifies the need to have up-to-date information regarding its resistance status in our region. *H. pylori* resistance to clarithromycin is attributed to A2143G and A2144G transition mutations in the 23s rRNA gene, a mutation which results in a decrease in the affinity of clarithromycin binding to the ribosome. In Europe, the prevalence of clarithromycin-resistant *H. pylori* seems to range between 10-45%,\[[@ref11][@ref18]--[@ref20]\] a rate which is lower in other countries of the world.\[[@ref9][@ref21][@ref22]\] Our results showed that there was no point mutation in clarithromycin-susceptible strains of *H. pylori*.

The increasing usage of clarithromycin in developing countries, mostly for respiratory tract infections, has caused a large number of clarithromycin-resistant *H. pylori* strains. A few studies have worked on identifying the mutations involved in clarithromycin resistance in Iran,\[[@ref22]\] and our study was the first examination for determining the point mutations in the 23s rRNA gene of *H. pylori* strains. In contrast with other studies,\[[@ref23]\] our results showed that clarithromycin resistance was higher among gastric ulcer patients (23.3%) than other groups, although we did not observe a significant difference (*P*\>0.05). There is no previous study in Iran to have an accurate comparison but we can declare that this study can be a good basis for further investigations in this country. The variation of the eradication rates obtained by the different studies may be due to the clarithromycin resistance in *H. pylori* isolates. According to studies in Iran, our resistance rate (21.7%) was high;\[[@ref24]--[@ref26]\] although another study from Turkey\[[@ref27]\] was supportive of our result. It appears that clarithromycin resistance among *H. pylori* strains is strongly population-dependent.\[[@ref28]\] According to current findings, no point mutations were detected in clarithromycin-susceptible strains of *H. pylori*, a finding which has not been reported in Iran yet. The important findings in our study indicate that A2143G is the most prevalent point mutation attributed with clarithromycin resistance among the *H. pylori* strains. However, more investigations with a bigger sample size are required to obtain a more encompassing image of the prevalence of mutations related to clarithromycin resistance in Iran and other Asian countries. Meantime, the main reason of the high level resistance in *H. pylori* is unclear, there is a possibility that another mechanism may be active to confering the high clarithromycin resistance in *H. pylori*. However, it has been reported that the presence of A2143G is the main cause of emergence of resistance in *H. pylori* strains.\[[@ref29][@ref30]\] Remarkably, De Francesco *et al*., showed that A2143G mutation could be associated with treatment failure in their patients.\[[@ref30]\]

In conclusion, the A2143G remains the most prevalent mutation contributing to the resistance phenomena in *H. pylori*, suggesting that novel therapeutic approaches should be designed.

Nonetheless, several point mutations have been already investigated, the large majority of the primary clarithromycin resistance items depends on the point mutations (A2143G, A2144G), which have been related to different MIC values *in vitro*.\[[@ref4][@ref19][@ref29]\]

The guideline for the eradication of *H. pylori* in Iran consists of an H~2~ receptor blocker (such as ranitidine), two antibacterial agents, such as metronidazole, amoxicillin/clarithromycin plus a bismuth salt; however, based on our results it would be clear that we need to urgently modify the current regimen to a more effective therapeutic formula for the treatment of this gastric pathogen.

CONCLUSION {#sec1-4}
==========

Current findings indicate that clarithromycin can be included in the empirical treatment of *H. pylori* in Iran. Clarithromycin resistance appears to be less prevalent in Iranian dyspeptic patients. Continued surveillance of antibiotic susceptibility tests specially for determining the exact prevalence of A2143G mutation will be essential for the design of the best effective eradication therapy.
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